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(57)Abstract: 

PROBLEM TO BE SOLVED: To make the average value over 
respective modulation cycles of a polarization state be 
substantially equal to zero by modulating the state of the 
polarization of optical signals to a frequency equal to the same 
predetermined frequency for locking a phase and modulating 
data to the optical signals by a polarization modulator. 
SOLUTION: The polarization modulator 108 is driven by a 
modulation frequency Q equal to the frequency of the clock 
106. Typically, an electric variable delay line like a phase 
shifter 1 10 for connecting the clock 106 to the polarization 
modulator 108 is provided and the phase shifter 110 is used for 
selectively ac(justing the phase of polarization modulation 
relative to the phase of data modulation. The phase is adjusted 
so as to maximize the signal-to-noise ratio of received signals 
and experimentally decided. The polarization modulator 108 
modulates the state of the polarization of the optical signals to 
the frequency equal to the same predetermined frequency for 
of locking the phase and modulating the data to the optical 
signals by changing only the phase of (x) and (y) components. 



m 
A. 



f 

=^ wttti vma 



I 



H 



110 

J 



LEGAL STATUS 

[Date of request for examination] 20.09.2002 
[Date of sending the examiner s decision of rejection] 10.07.2006 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision of 2006-22812 
rejection] 

[Date of requesting appeal against examiner s decision 10.10.2006 
of rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.ncipi.gojp/PA1 /result/detail/main/wAAAWxaqnl DA4081 1 1 662P1 .htm 



06/12/19 



. JP.08-1 1 1 662.A [CLAIMS] 

( 



1/3 V 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. *^** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The source of a lightwave signal where it is equipment for transmitting a lightwave signal, and data 
generate the lightwave signal modulated on the frequency defined beforehand. The polarization modulation 
machine which is combined with this source of a lightwave signal, modulates the condition of polarization of 
this lightwave signal, and makes zero substantially the average of the condition of polarization covering a 
modulation cycle, the phase lock of the frequency of this clock is carried out including the clock which has the 
frequency which is combined with this polarization modulation machine and determines the frequency of this 
modulation cycle — having — eye this ** — laws — the approach of transmitting the lightwave signal which is 
an equal to a frequency. 

[Claim 2] eye this "S^*, as for this source of a lightwave signal, this clock modulates data to a lightwave signal in 
equipment according to claim 1 including a continuous wave lightwave signal generator and a data source — 
laws — the approach of transmitting the lightwave signal which is what is combined with this data source in 
order to set up a frequency. 

[Claim 3] eye this ^ this polarization-modulation machine had the phase specified beforehand in equipment 
according to claim 1 — laws — the equipment which modulates the condition of polarization of a lightwave 
signal on a frequency, and transmits the lightwave signal which is a thing containing the electric 
acUustable and delay line which combines this clock with this polarization-modulation machine in order that this 
equipment may change further this phase specified alternatively. 

[Claim 4] Equipment which transmits the lightwave signal this whose electric adjustable delay line is a phase 
shifter in equipment according to claim 3. 

[Claim 5] This optical phase modulator is equipment which transmits the lightwave signal which is what offers 
an optical phase modulation to this lightwave signal, making it not give polarization modulation at all 
substantially to a lightwave signal including the optical phase modulator which combines the source of a 
lightwave signal to this polarization modulation machine in equipment according to claim 3 further. 
[Claim 6] Equipment which transmits the lightwave signal which offers an optical phase modulation on a 
frequency equal to the frequency which this clock was combined with this optical phase modulator, and the 
phase lock of this optical phase modulator was carried out by this in equipment according to claim 5. and was 
defined beforehand. 

[Claim 7] Equipment which transmits the lightwave signal which is a thing containing the 2nd electric 
acijustable delay line for changing alternatively the phase of this optical phase modulation that combined this 
clock with this optical phase modulator further, and was offered by this optical phase modulator in equipment 
according to claim 6. 

[Claim 8] It is equipment which transmits the lightwave signal substantially made equal to the phase to which 
the phase of this optical phase modulation that this electric adjustable delay line combined this clock with this 
optical phase modulator in equipment according to claim 5, and was offered by this optical phase modulator by 
this was this ^ specified. 

[Claim 9] Equipment which transmits the lightwave signal this whose electric acUustable delay line is a phase 
shifter in equipment according to claim 7. 

[Claim 10] Equipment which transmits the lightwave signal this whose electric adjustable delay line is a phase 
shifter in equipment according to claim 8. 

[Claim 1 1] the equipment which modulates polarization of a lightwave signal — it is — data — eye this — 
laws — the phase lock of the frequency of this clock carries out including the polarization-modulation machine 
which receives the lightwave signal modulated on the **** frequency, and the clock which have the frequency 
which is combined with this polarization-modulation machine and determines the frequency of a modulation 
cycle — having — and eye this ** — laws — the equipment which modulates the polarization which is equal 
to a sft**** frequency. 

[Claim 12] eye this this polarization-modulation machine has the phase to which the condition of 
polarization of a lightwave signal was specified beforehand in equipment according to claim 11 — laws — the 
equipment which becomes irregular on a **** frequency and modulates the polarization which is a thing 
containing the electric adjustable delay line for changing alternatively the phase which this equipment 
combined this clock with this polarization-modulation machine further, and was this ** specified. 
[Claim 1 3] Equipment which modulates the polarization this whose electric acUustable delay line is a phase 
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shifter in the equipment indicated by claim 12. 

[Claim 14] This optical phase modulator is equipment which modulates the polarization which is what provides 
this lightwave signal with an optical phase modulation, making it not give polarization modulation substantially 
to this lightwave signal at all including the optical phase modulator which combines this source of a lightwave 
signal with this polarization modulation machine further in equipment according to claim 12. 
[Claim 15] this clock combines with this optical phase modulator in equipment according to claim 14 — having 
— thereby — this optical phase modulator — eye this ^ — laws — the equipment which modulates the 
polarization which a phase lock is carried out to a **** frequency, and offers an optical phase modulation on 
an equal frequency. 

[Claim 16] Equipment which modulates the polarization which is a thing containing the 2nd electric adjustable 
delay line for changing alternatively the phase of this optical phase modulation that combined this clock with 
this optical phase modulator further, and was offered by this optical phase modulator in the equipment 
indicated by claim 15. 

[Claim 17] Equipment which modulates the polarization which is what is substantially made equal to the phase 
to which the phase of this optical phase modulation that this electric acfjustable delay line combined this clock 
with this optical phase modulator in equipment according to claim 14, and was offered by this optical phase 
modulator by this was this ^ specified. 

[Claim 18] Equipment which modulates the polarization this whose electric ac|justable delay line is a phase 
shifter in equipment according to claim 16. 

[Claim 19] Equipment which modulates the polarization this whose electric ac|justable delay line is a phase 
shifter in equipment according to claim 1 7. 

[Claim 20] the phase lock of the condition of polarization of this lightwave signal carries out to the step to 
which it is an approach for transmitting a lightwave signal, and data generate the lightwave signal modulated on 
the frequency defined beforehand — having — and eye this — laws — the approach of transmitting the 
lightwave signal containing the step which becomes irregular on a frequency equal to a 'Wojc* frequency, and 
makes substantially the average of the condition of polarization covering each modulation cycle equal to zero. 
[Claim 21] How to transmit the lightwave signal which is a thing containing the step to which the phase of the 
polarization modulation further given to this lightwave signal is alternatively changed in an approach according 
to claim 20. 

[Claim 22] How to transmit the lightwave signal which is a thing containing the step which carries out the 
phase modulation of this lightwave signal alternatively in the approach indicated by claim 20, making it not give 
polarization modulation at all substantially to a lightwave signal further. 

[Claim 23] eye this ^ data are modulated for the step which carries out the phase modulation of this 
lightwave signal alternatively in the approach indicated by claim 22 — laws — the approach of transmitting the 
lightwave signal which is a thing containing the step which carries out the phase modulation of this lightwave 
signal alternatively on a frequency equal to a ^wcW frequency. 

[Claim 24] it is an approach for modulating polarization of a lightwave signal, and data carry out the phase lock 
of the condition of polarization of this lightwave signal to the step which receives the lightwave signal 
modulated on the frequency defined beforehand — having — and eye this ** — laws — the approach of 
becoming irregular by the cycle wave equal to a **** frequency, and modulating the polarization containing the 
step the average of the condition of polarization covering each modulation cycle makes become equal to zero 
substantially by this. 

[Claim 25] How to modulate the polarization which is a thing containing the step to which the phase of the 
polarization modulation further given to the lightwave signal is alternatively changed in the approach indicated 
by claim 24. 

[Claim 26] How to modulate the polarization which is a thing containing the step which carries out the phase 
modulation of this lightwave signal alternatively in the approach indicated by claim 24, making it not give 
polarization modulation further to a lightwave signal at all substantially. 

[Claim 27] eye this data are modulated for the step which carries out the phase modulation of this 
lightwave signal alternatively in the approach indicated by claim 26 — laws — the approach of modulating the 
polarization which is a thing containing the step which carries out the phase modulation of this lightwave signal 
alternatively on a frequency equal to a **** frequency. 

[Claim 28] The source of a lightwave signal where it is a transmission system and data generate the lightwave 
signal modulated on the frequency defined beforehand, The polarization modulation machine which is combined 
with this source of a lightwave signal, modulates the condition of polarization of this lightwave signal, and 
makes the average of the condition of polarization equal to zero substantially over a modulation cycle by this, 
it is the clock which has the frequency which is combined with this polarization modulation machine and 
determines the frequency of this modulation cycle, and the frequency of this clock carries out a phase lock — 
having — and eye this ^ — laws — with a clock which is equal to a frequency The transmission system 
containing the optical transmission line combined with this polarization modulation machine, and the receiver 
combined with this optical transmission line. 

[Claim 29] a means to measure the property defined beforehand and this polarization modulation machine of 
the lightwave signal further received by this receiver in the system according to claim 28 — eye this ^ — 
laws — the phase of a means to transmit a "M^** property, and the polarization modulation given to this 
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lightwave signal is changed alternatively — making — eye this ** — laws — the transmission system which is 
a thing including a means to optimize the value of a **** property. 

[Claim 30] This optical phase modulator is a transmission system which is what provides this lightwave signal 
with an optical phase modulation, making it not give polarization modulation substantially to a lightwave signal 
at all including the optical phase modulator which combines this source of a lightwave signal with this 
polarization modulation machine further in the system indicated by claim 29. 

[Claim 31] in the system indicated by claim 30, the phase of this optical phase modulation further offered by 

this optical phase modulator is changed alternatively ~ making — eye this ** — laws — the transmission 

system which is a thing including the means for optimizing the value of a **3Me property further 

[Claim 32] the system indicated by claim 28 — setting — eye this ** — laws — the transmission system 

whose **** property is the signal-to-noise ratio of the lightwave signal received by the receiver. 

[Claim 33] the system indicated by claim 31 — setting — eye this ^ — laws — the transmission system 

whose **** property is the signal-to-noise ratio of the lightwave signal received by this receiver. 

[Claim 34] the system indicated by claim 28 — setting — eye this ** — laws — the transmission system 

whose **** property is Q-multiplier of the lightwave signal received by this receiver. 

[Claim 35] the system indicated by claim 31 — setting — eye this ** — jaws — the transmission system 

whose **** property is Q-multiplier of the lightwave signal received by the receiver. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to improving informational optical transmission, especially the 

transmission capacity of a fiber-optic transmission system. 

[0002] 

[Background of the Invention] The optical-fiber-transmission way used by the revision or the continent 
crossing light wave transmission system using a very long optical-fiber-transmission way, for example, an 
optical amplification repeater, originates in the big decrease accumulated in connection with the die length of 
the optical fiber which constitutes a transmission line, and wears performance degradation. Typically, in such a 
long lightwave transmission system, these decrease changes with time amount and causes the random 
fluctuation in the signal to noise (SNR) of an input signal. This random fluctuation contributes to the 
phenomenon known as signal phasing. Signal phasing makes a bit error rate (BER) increase as a result to the 
digital signal transmitted through an optical fiber way. When becoming so small that SNR of the digital signal in 
such a transmission system is nonpermlssible, it is said that signal phasing arose (when set to BER of the like 
which is not desirable). According to the proof by experiment, it was shown that the polarization dependence 
effect 'MwWsCed) by the optical fiber itself and/or other optical elements (for example, a repeater, an amplifier, 
etc.) which are along a transmission line influences signal phasing and SNR fluctuation. Especially one of the 
effectiveness of such is the population of an optical amplifier. Inversion It is identified as a polarization hole 
burning (PHB) related to dynamics. About a hole burning, it is a D.W. hole, R.A. Haas. W.F. KURUPUKU and the 
spectrum in neo die MIAMU glass laser and "polarization hole burning" IEEE Journal of Quantum Electronics of 
M.J. weber work, VoLQE-19, and No.11. The argument is made in November. 1983. 

[0003] PHB decreases the gain of the optical amplifier within the transmission line lengthened for a longtime 
to the arbitration signal which has an parallel polarization condition (SOP) to the condition of the main 
lightwave signal conveyed by the transmission line. However, to the lightwave signal which has SOP which 
intersects perpendicularly to it of the main signal, it stops at the gain condition offered by these amplifier of 
not being influenced relatively. If it says simply, the main lightwave signal will generate the un-isotropic 
saturation of the amplifier depending on SOP of the main lightwave signal. This un-isotropic saturation 
decreases the population inversion in an amplifier, and serves as lower gain to the lightwave signal which has 
the SOP same as a result as the main lightwave signal. For this reason, the nojse which has SOP which 
intersects perpendicularly to a main signal will be preferentially emphasized by amplifier. This emphasized 
noise reduces SNR of a transmission system, and brings about amplified BER. 

[0004] The conventional method of decreasing signal phasing included use of the system which adjusts actively 
SOP of the signal by which incidence is carried out to the given optical path as a function of the quality of the 
signal received in the far edge of the optical path. SOP of a signal is scrambled in some approaches. For 
example, the system lower than a bit rate which reaches and scrambles SOP on the frequency of higher both 
is known. However, the potential improvement which will bring about the AM of a data signal in the bandwidth 
of a receiver if it scrambles on a frequency lower than a bit rate, therefore can be attained by low frequency 
scramble will be reduced, a scramble on a frequency higher than a bit rate causes the increment in the 
bandwidth transmitted although AM can be decreased, and it deteriorates the engine performance — also 
making — it carries out 
[0005] 

[Summary of the Invention] According to this invention, the approach and equipment for modulating 
polarization of a lightwave signal are offered A polarization modulation machine receives the lightwave signal 
with which data were modulated on the frequency defined beforehand. This polarization modulation machine 
modulates the condition of polarization of a lightwave signal on a frequency equal to the same frequency 
defined beforehand as a phase lock is carried out and data are modulated by the lightwave signal. Polarization 
modulation is carried out so that the average may be in the condition of polarization covering each modulation 
cycle almost equal to zero. In one example of this invention, the phase of the polarization modulation given to 
the lightwave signal changes with the electric delay lines like a phase shifter alternatively. In addition, as a 
lightwave signal hardly gives polarization modulation to a lightwave signal, a phase modulation may be 
alternatively carried out with an optical phase modulator. 
[0006] 

[Detailed description] Drawing 1 shows the block diagram by which the configuration as instantiation which 
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carries out this invention was simplified. As shown in drawing, this invention contains the laser 100 for 
generating the continuous wave (CW) lightwave signal 101. A lightwave signal 101 is transmitted to the data 
modulator 102 which generates the optical information signal 103 which modulated the signal and was 
modulated in order to give information there by the well-known method. The optical information signal 103 
which modulates a lightwave signal 101 on the frequency which the data modulator 102 receives the data 
which should be given to a lightwave signal 101 from a data source 104, and is determined with a clock 106 is 
transmitted to the polarization modulation machine 108 which modulates SOP of the optical information signal 
103 from the data modulator 102. The polarization modulation machine 108 operates so that SOP of an optical 
information signal may be changed by approach which does not have SOP which is equalized covering a 
modulation period, and which is chosen. Therefore, it can be said that an output signal 105 is the polarization 
scrambled with the degree of the polarization which is zero substantially. In an example of actuation of the 
polarization modulation machine 108, SOP of the optical information signal 103 pursues the perfect great circle 
on a POINKEA (Poincare) ball. Apart from this, SOP of a lightwave signal meets a POINKEA ball, and it may go 
and come back to it. Anyway, the average of SOP covering each modulation cycle is substantially equal to 
zero. An example of the polarization modulation machine 108 which can be used in this invention is indicated 
by U.S. Pat. No. 5.327.51 1, especially its nG.3. 

[0007] According to this invention, the polarization modulation machine 108 is driven with a clock 106, and. 
thereby, is modulated at a rate with SOP of the optical information signal 103 equal to the rate at which data 
are given to a lightwave signal 101. In other words, a clock 106 makes the rate of polarization modulation the 
frequency arid phase which were locked by the rate of a data modulation. The way a clock 106 drives 
polarization modulation 108 may be described by by investigating the electric-field component of the lightwave 
signal on which polarization modulation acts. In a x-y coordinate, these components may be expressed as 
follows. 
[Equation 1] 

£:,(o=A(o/'"**'*'" (1) 



£:,(o=A/o/"'^'''»^ (2) 

[0008] Optical carrier frequency, phi x (t), and phiy (t) of omega are the phase angles of a lightwave signal 103 
here, and it is assumed that it is the thing which Ax (t) and Ay (t) are real electric-field strength, and includes 
intensity modulation. Theoretically, possible SOP of either of the lightwave signals which has these electric- 
fields component is relative phase contrast phix-phiy, maintaining a fixed (Ax2+Ay2) value. They are Ratio 
Ax / Ay. making it change between 0 and 2pi. It is obtained by making it change. However, the polarization 
modulation machine 108 is a phase phi x. And phiy By making it change, it functions as modulating SOP of a 
lightwave signal. This is enough in order to offer SOP from which the average energy covering a modulation 
cycle serves as zero. An assumption of a sinusoidal driving signal expresses this phase modulation as follows. 
[Equation 2] 



<l>/'^ = T/^J,«=<'s(^ + 'P) (4) 

[0009] The phase modulation given with the polarization modulation vessel 108 is a different normal position 
phase gamma x. And the signal which has x components and y component accompanied by gammay (it 
becomes the cause of a device birefringence) is offered. A phase modulation also draws the sine wave-like 
fluctuation which vibrates with the modulation frequency omega accompanied by the phase psi same about 
both the electric-fields component. However, this sine wave-like fluctuation is the electric-field component 
Ex. And Ey A multiplier ax which receives and is different, respectively And ay It has. Modulation multiplier ax 
And ay Magnitude determines the range of the locus to which it goes and comes back where SOP crosses a 
POINKEA ball top. It will be recognized as the ability of the phase modulation of the format expressed by a 
formula (3) and (4) if it is this contractor to generate the signal to which meets the locus on POINKEA from 
which average polarization serves as zero over a single modulation cycle by adjusting a parameter suitably 
although neither of the possible SOP is generated, and it goes and comes back. For example, amplitude Ax And 
Ay If it is chosen so that it may become equal, the average degree of polarization will become equal to zero by 
setting up with ax-ay =0.765pi. In this case, although the modulated lightwave signal which comes out of the 
polarization modulation machine 108 pursues the great circle [ 76% / of whole one ] on a POINKEA ball, as for 
the modulation lightwave signal 105. polarization will be extinguished completely on the average. 
[0010] In the configuration shown in drawing 1 . the polarization modulation machine 108 is driven with the 
modulation frequency omega equal to the frequency of a clock 106. Probably, it will be convenient to offer the 
electric acljustable delay line tike the phase shifter 110 which combines a clock 106 with the polarization 
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modulation machine 108 typically, as drawing 1 is shown further. A phase shifter 110 is used for adjusting 
alternatively the phase psi of the polarization modulation which faces the phase of a data modulation. This 
phase is adjusted so that the signal-to-noise ratio of the received signal may serve as max, and it may be 
determined experientially. The experimental result which connects to drawing 3 and below is shown shows the 
system performance measured in the amount of SNR of the input-signal pair phase psi. These results show 
that the clear value about the phase psi which gives a good SNR property exists. Once it optimizes suitably, 
the equipment shown in drawing 1 will minimize harmful effectiveness, such as an increment in the bandwidth 
caused by the residual AM and the high-speed modulation which are caused by the low-speed modulation. 
That is. the almost optimal balance between a low-speed modulation and a high-speed modulation Is offered. 
[0011] It adds to the polarization modulation given to the signal 103 with the polarization modulation vessel 
108, and is the phase angle phi x. And phiy The phase modulation of the net given with the average or an 
excess also exists. In the example of invention shown in drawing 1 , it is assumed that this average phase 
modulation is zero. However, the example of invention shown to drawing 2 and drawing 3 that it argues below 
permits the superfluous phase modulation of non-zero. 

[0012] the phenomenon of two criteria In which polarization and/or a phase modulation are convertible for AM 
— a polarization subordination phenomenon and a polarization independent phenomenon exist literally. The 
example of a polarization subordination phenomenon is brought about by polarization dependence loss in a 
transmission medium which is changed in time and causes additional signal phasing. The example of a 
polarization independent phenomenon is brought about with the chromatism and/or the nonlinear refractive 
Index in what [ what Is not changed in time ]. i.e., a transmission fiber. AM generated by modulating polarization 
by the bit rate does not serve as a capable cause of signal phasing so that it may be explained henceforth. 
[001 3] If the signal by which the polarization scramble was carried out meets with the component which has 

PDL, AM can start by modulation frequency omega and its higher harmonic (namely, 2ohm, 3ohm ). 

Generally it depends for the phase relation of AM about the amount of AM, and the phase of polarization 
modulation on the loss shaft orientation of the PDL component about a polarization modulation shaft. The 
amount of AM produced since the condition of polarization of a lightwave signal is unsteady In time will be 
unsteady. The typical fiber optics receiver has about 60% of electric bandwidth of a data rate In this 
contractor like known. Therefore, some of AM produced in a bit rate passes a receiver, they arrive at a 
judgment circuit, and affect BER. However, since the higher harmonic wave which has the frequency of 2ohms 
or more is prevented by the receiver. BER Is not Influenced depending on AM produced in the higher harmonic 
wave of these bit rates. Producing the great portion of AM in the higher harmonic (namely, 2ohms or more) of 
modulation frequency, and not being generated from the analysis of the format of AM caused by the 
interaction of the SOP and the PDL component to which a lightwave signal goes and comes back In the basic 
modulation frequency omega can be shown. Therefore, if it assumes that it is that for which the optical 
receiver designed suitably is used as mentioned above, AM generated by modulating polarization by the bit 
rate will not contribute to signal phasing intentionally. AM generated by polarization and/or conversion of a 
phase modulation as a result of the chromatism of an optical fiber and/or a nonlinear refractive Index Is 
advantageous when polarization modulation is performed by the bit rate. 

[0014] Drawing 2 shows another example of this Invention by which the optical phase modulator 214 is 
combined with the polarization modulation machine 208. A clock 206 drives the polarization modulation 
machine 208 as shown in drawing 1 like the optical phase modulator 214 respectively through the adjustable 
delay lines 210 and 212. By this invention, use of the adjustable delay line of the suitable mold of arbitration 
like a phase shifter is planned as in the example of this invention shown in drawing 1 . The polarization 
modulation given to a lightwave signal 203 in this example of this invention is two separate independent phases 
psi 2, i.e., the phase related with polarization modulation 208. And phase psi 1 related with the optical phase 
modulator 214 It contains. In this way. phase angle phi x of the lightwave signal 205 outputted from the 
polarization modulation machine 208 And phiy It becomes like a degree type. 
[Equation 3] 



[0015] As for the optical phase modulator 214, a formula (5) and a formula (6) give the same phase modulation 
to both X of a lightwave signal 203, and Y component. Therefore, the optical phase modulator 214 modulates 
the optical phase of a signal 203. without modulating polarization of a lightwave signal. For the reason the 
optical phase modulator 214 does not modulate polarization, the polarization modulation of a lightwave signal Is 
a phase phi x. And It is because it is proportional to the difference between phiy, and phi x and phiy are 
modulated in an equal amount, so this difference is not influenced by the optical phase modulator 214. 
However, phase psi 2 By Introducing alternatively [ an addition ] as a parameter which can be ac(justed, when 
using a modulation format for NRZ, the various amplitude errors which give the opposite effect to the engine 
performance can be decreased. These amplitude errors are caused by various factors including an amplifier 
noise, chromatism, and fiber nonlinearity. As mentioned above, if the phase of AM is suitably adjusted about 
data, AM generated from the polarization caused by a signal, chromatism. and the Interaction between the 
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nonlinear refractive Indices of a fiber and conversion of a phase modulation is advantageous, and possible. The 
diagrammatic method of evaluating the effect of the decrease to signals other than a noise is learned by this 
contractor as an eye diagram. Eye closing which what AM generated "opens for" the received eye of data is 
made, and is cut according to an amplitude type error can be compensated. Phase psi 2 By acjjusting suitably, 
eye opening is improvable. An actuation top and phase psi 2 It is a(liusted through a phase shifter 212 until 
SNR of an input signal optimizes. 

[0016] In drawing 3 , the function of the phase modulator 214 shown in drawing 2 and the polarization 
modulation machine 208 is included in a unit with single both. In this case, the single phase shifter 310 is used 
for changing the both sides of polarization modulation and an optical phase modulation. In this case, 
polarization modulation is include-angle phi1-phi2. It is given according to the difference which can be set, and 
is adjusted to polarization of a low degree. A superfluous phase modulation is given by an average 
(phi1+phi2)/2 of two include angles. Actuation of this example of this invention is psil =psi2 at drawing 2 . It is 
similar to the thing when carrying out. 

[001 7] Drawing 4 shows the result of the experiment carried out using the configuration shown in drawine 3 . 
The transmission line using the loop-formation circulation technique was extended by 6300km, and used a 
2.5G bit per second bit rate by average incidence power 25dBm. 

[0018] This drawing shows the Q-factor (that is, electric SNR) opposite phase psi obtained as a result. This 
data shows that a good SNR property can be attained by choosing the proper value about a phase psi. 
[0019] Drawing 5 is an example of a transmission system including the transmitter according to this invention, 
a receiver, a transmission line, and a telemetering way. The telemetering path 406 for connecting to a 
transmitter 400 the polarization modulation machine 402 which realizes the property of a configuration of 
having been shown by a transmitter 400. drawing 2 , or drawing 3 and by which phase control was carried out, 
a transmission medium 404, and a receiver 408, and returning the property of an input signal like SNR or a Q 
factor (feedback) is shown. The transmission medium (this invention is not limited to this) as a purpose of this 
example is the chain of an optical amplifier and single-mode optical fiber. These elements are common 
knowledge at this contractor. 

[0020] A transmitter 400 generates the optical information signal modulated with the polarization modulation 
vessel 402 with which the polarization was mentioned above, and by which phase control was carried out. The 
signal which is produced as a result and by which polarization modulation was carried out passes a 
transmission medium 404, and. subsequently to a receiver 408, reaches. In a receiver, a Q factor is measured 
as an index of the transmission engine performance. A Q-factor value is returned to the polarization 
modulation machine 402 through the telemetering path 406. 

[0021] In some applications, probably the telemetering path 406 is assigned to the same transmission system 
like the overhead in the SONET frame, or an orderwire channel, or it turns out that it is desirable to transmit 
by different channel like the separate telephone line at this contractor. It is received by the logical element 
which may be arranged for example, in the polarization modulation machine 402. and a Q-factor value is 
processed. This logical element controls the phase modulation given to the signal according to the formula (5) 
and formula (6) which were mentioned above with the polarization modulation vessel 402. and maximizes the Q 
factor received. A logical element is especially ax, ay. psi 1, and psi 2. And/or, the value of b can be controlled. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

LDrawin^Jj It is drawing showing the block diagram by which one example of the transmitter by which phase 
control was carried out and polarization modulation was carried out according to this invention was simplified. 
[Drawing 2] It is drawing showing the block diagram by which another example of the transmitter by which 
phase control was carried out and polarization modulation was carried out according to this invention was 
simplified. 

[Drawing 3] It is drawing showing the block diagram by which another example was simplified in the transmitter 
pan according to this invention by which phase control was carried out and polarization modulation was carried 
out. 

[Drawing 4] It is drawing showing the Q-factor pair phase produced as a result about the configuration using 
the transmitter shown in drawing 3 . 

[Drawing 5] It is drawing showing the example of the transmission-system construction including the 
transmitter according to this invention, the polarization modulation machine by which phase control was 
carried out a receiver, a transmission route, and a remote path. 
[Description of Notations] 

100 Laser 

101 Lightwave Signal 

102 Data Modulator 

1 03 Optical Information Signal 

104 Data Source 

105 Output Signal 

106 Clock 

108 Polarization Modulation Machine 
110 Phase Shifter 
214 Phase Modulator 
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documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

QCOLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



